Uranium-series isotopes can be used to determine constraints on the timescale of slab dehydration and melt production at subduction zones. However, interpretations of U-Th-Ra data suggest very different timescales of slab dehydration. Here, we present new U-Th-Ra data from Kamchatka along with a number of alternative models for production of radioactive disequilibrium. Variations in (226Ra/230Th) and (231Pa/235U) activity ratios are best explained by crystal fractionation with host rock assimilation for a duration of less than c. 6000 years. The association of the largest 226Ra excesses with high Sr/Th in the most primitive lavas suggests that Ra-Th fractionation is controlled by slab dehydration less than 10 ka ago. We show that U-Th data can be explained by dynamic melting of a recently (<10 >ka) metasomatized mantle wedge. Dynamic melting of an oxidized source metasomatized several hundreds of thousands of years ago cannot produce significant 231Pa excess. Because 238U-230Th disequilibrium is inferred to be controlled by partial melting, there is no requirement for multi-stage slab dehydration commencing ∼150 ka. We suggest that Ra-Th disequilibria constrain the timing of slab dehydration, whilst U-Th fractionation is dominated by partial melting, at least at the Kamchatka arc. 
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Over the past twenty years, uranium-series isotopes have been used to quantify the timescale of 42 magmatic processes (e.g. ; ). This is because isotopes of the 43 uranium decay chains fractionate during magma production and differentiation, and their abundance is 44 time-dependent. Thus, radioactive disequilibrium in the Th disequilibrium reflect the last increments of fluid addition (Turner et al. 2000) . 68
In the Kamchatka arc, Dosseto et al. (2003) Ra excess. Based on the inferred end-71 member composition of the mantle-derived melt, they proposed that the mantle was hydrated during 72 two episodes of slab dehydration at 150 ka and <10 ka. However, a subsequent study by Turner et al. The samples analysed here are the same as those presented in Dosseto et al. (2003) and were collected 93 within a 50-km diameter area from the Kliuchevskoi, Bezymianny and Tolbachik volcanoes (Fig. 1) . These 94 volcanoes are located in the Central Kamchatka Depression (CKD), one of the three volcanic regions of 95 the peninsula. Samples analysed are two basalts from Kliuchevskoi, three from Tolbachik, one basic and 96 two acid andesites from Bezymianny. Two of the basalts from Kliuchevskoi studied in Dosseto et al. 97 (2003) were not available for analysis. The major, trace element and radiogenic isotope compositions 98 were previously discussed in Dosseto et al. (2003) . Sr and Nd isotope compositions suggest that studied 99 rocks are derived from the same source . All samples are aphyric to subaphyric, 100 except for sample PT30-4/1976 which is vesicular and has glomerocrysts of plagioclase and olivine (<1 101 cm). This sample also differs from the rest because it belongs to the high-K calc-alkaline series whereas 102 other samples are calc-alkaline (following Miyashiro (1974) respectively. However, differences in U or Th concentrations up to 50% were observed for some 129 samples. It is possible that in the initial study, the sample-spike homogenisation was not complete 130 and/or samples were not thoroughly powdered. amphibole, which is known to preferentially incorporate Ra over Th. 189
In the case where no assimilation occurs, it is not possible to produce Th concentrations higher than 190 1ppm. Hence, we consider the scenario where the host rock is partially melted and assimilated into the 191 differentiating magma. We assume that the assimilant (crustal melt) has the following composition: Th,U and Sr concentrations are 100, 60 and 100 ppm, respectively, and ( (Fig. 2b) . In this section, we investigate whether dynamic melting 264 following recent fluid addition to the mantle wedge (<10 ka ago) could account for the observed Th) prior to melting (Fig. 6a) . However, although significant only ~4, versus ~100 in other models) (Fig. 6b) . This is at odds with the observation of significant (a high coefficient is taken for Ra in order to maximize the effect of crystal fractionation, however it has 389 no effect on the calculated curves). Tick marks every 10,000 (plain curve) and 2,000 years (dashed 390 curve). 
